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Histogenesis of Primary Localized Cutaneous Amyloidosis: Sequential 
Change of Epidermal Keratinocytes to Amyloid via Filamentous 
Degeneration 
MASANOBU KUMAKIRI, M.D., AND KEN HASHIMOTO, M.D. 
The Veterans Adm.inistration Cenler and Wright State University School of Medicine, Dayton, Ohio, U.S.A . 
Two cases of lichen amyloidosus and 8 cases of macu-
lar amyloidosis were examined by electron microscopy. 
Epidermal keratinocytes showed variable degrees of fo-
cal degeneration in the basal or lower Malpighian layer. 
The primary change was seen in cells which contain 
fibrillar (30 nm in thickness) cytoplasmic inclusion. The 
following developments seemed to lead to filamentous 
degeneration (colloid bodies): (1) aggregation of tonofil-
aments within the granular or fibrillar cytoplasm, (2) 
filamentous cells, which are composed of bundles of 7-
om thick filaments surrounded by cell membrane and 
desmosomes, and (3) filamentous masses composed of 
bundles or whorls of tightly packed 7-nm thick filaments 
in the intercellular spaces. At the dermo-epidermal junc-
tion, some of the filamentous masses were surrounded 
by the basal lamina of the epidermis and others were 
dropping into the dermis. Occasionally, loosened fila-
ments (similar to amyloid filaments) were about to drop 
into the dermis. Early formation of amyloid islands con-
sisted of electron-dense and electron-light parts. They 
were located directly beneath the epidermis. In the 
deeper portion of the papillary dermis and in the upper 
reticular dermis, the majority were electron-light 
masses. Electron dense parts were the densely packed 7-
nm thick filaments, whereas electron-light parts were 
the typical straight amyloid filaments. Small tubular 
filaments were seen in common in the filamentous cells, 
filamentous masses, and amyloid islands. 
It is concluded that some of the amyloid substance in 
primary localized forms of cutaneous amyloidoses derive 
from the epidermal cells through filamentous degenera-
tion. 
A different pathogenesis seems to exist between systemic 
amyloidosis and primary localized cutaneous amyloidosis [1-
3]. Although amyloid deposits in both are composed of 6 to 10-
nm thick straight fllaments [4-11], primary localized cutaneous 
amyloidoses show some biological peculiarities [1]: (1) the 
deposition of amyloid is limited to the papillary dermis in lichen 
amyloidosus [5,6] and macular amyloidosis [7,8], (2) the amy-
loid formation is seen only in the immediate surroundings of 
epithelial tumors [10,11], (3) in wound healing experiments in 
the lesions of lichenoid and macular amyloidoses and in actinic 
keratosis, amyloid does not accumulate until the wound is re-
epithelialized [8,11], and (iv) no plasma cells are found in the 
lesion [5-11]. 
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Ultrastructural studies have not clearly demonstrated the 
precursor of amyloid fllaments in the epidermis [5-21]. Some 
investigators, however, found the f:tIamentous masses (colloid 
or hyalin bodies) [6,19], which were similar to the Civatte 
bodies in lichen planus [19,22], but distinctly different from 
amyloid. The relationship between Civatte bodies and amyloid 
islands was therefore an interesting subject to study. 
Studying PUVA (psoralen and ultraviolet A) treated skin 
[23] and ultraviolet (UV) irradiated skin [24], we found that 
repeated irradiation of UV A is amyloidogenic. Filamentous 
masses and/or amyloid islands were in the dermo-epidermal 
junction or in the papillary dermis. Particularly some deposits 
shared characteristics of both filamentous mass (whorls of 
filaments) and amyloid (randomly oriented straight filaments). 
These fllamentous masses were often surrounded by the basal 
lamina of the epidermis. Thus, the conversion from epidermal 
keratinocytes to amyloid islands was dramatically demon-
strated [23]. Encouraged by this finding, we carefully re-exam-
ined the specimens of lichen amyloidosus and macular amyloi-
dosis, which had been studied previously for other aspects of 
diseases [6-8]. 
MATERIALS AND METHODS 
Two cases of lichen amyloidosus and 8 cases of macular amyloidosis 
were re-examined. Case histories were fully documented previously [6-
8]. Briefly, 2 cases of lichen amyloidosus were a 45 yr-old Chinese man 
and a 36 yr-old Puerto Rican woman. The clinical diagnosis was 
confirmed by histological examination [6,8]. Eight cases of macular 
amyloidosis were comprised of 6 Puerto Ricans, an Equadorian woman, 
and a Caucasian woman. The hyperpigmented macules were biopsied 
and amyloid deposits in the papillary dermis were confirmed [7,8]. 
The diced skin samples were fixed for 72 hr in chilled 5% glutaral-
dehyde in 0.1 M cacodylate buffer (pH 7.4). After an overnight rinse, 
specimens were postfixed with 1% osmic acid in barbital (verona\) 
buffered to pH 7.4 or in 0.1 M cacodylate buffered to pH 7.4 for 3 hr. All 
specimens were dehydrated with ethanol, 50% through absolute, and 
propylene oxide. Araldite was used for embedding. Thin sections were 
cut in an ultramicrotome (Porter-Blum MT·2 or MT-2B). The sections 
were stained with uranyl acetate and lead citrate, and examined with 
an electron microscope (Phillips 4(0). To study the thickness of fila-
mentous structure, electron micrographs were taken at a high magni-
fication (x 60,000) with an accelerating voltage of 100 kv, and were 
enlarged to x 150,000. 
RESULTS 
Histological findings reported [6-8] previously were con-
firmed. No significant differences were noted between lichen 
amyloidosus and macular amyloidosis regarding the ultrastruc-
ture of amyloid deposit [6-8]. Therefore, the following is the 
summary of both types of specimens. 
Epidermal Changes 
Frequently, there were degenerating foci in the basal or lower 
Malpighian layer (Fig 1). Affected keratinocytes had a pyknotic 
nucleus, abnormally aggregated to no filaments, vacuoles, and 
fragmented cell organelles among condensed cytoplasm. Huge 
vacuoles up to 5 J.Lm in diameter were sometimes observed in 
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FIG 1. Focal degeneration of the basal layer; the most frequent observation. Affected keratinocytes (h) have a pyknotic nucleus and abnormally 
aggl'egated tonofllaments. Huge vacuoles and vacuolar degeneration (v) are seen in the lower epidermal cells as well as in the upper dermis. 
Macrophages (M) invade the epidermis. (Maculru' amyloidosis). Scale = 1 p.m (X 4300). 
the basal layer or beneath the epidermis. Some of these vacuoles 
seemed to have derived from vacuolar degeneration of cells in 
the peri basal region (Fig 1). Occasionally, macrophages invaded 
the dermo-epidermal junction, and engulfed the degenerated 
cells. 
Among the normal keratinocytes near the foci of degenera-
tion, peculiar cells containing the fibrillar or granular materials 
were found (Fig 2A). These had a round or indented nucleus. 
Tonoftlaments and other cell organelles seemed to be intact. 
The thickness of fibril was about 30 nm in diameter (Fig 2: 
Inset). These were different from the ftlaments of colloid bodies 
[22] or amyloid ftlaments [4]. 
A variety of changes from degenerative keratinocytes to 
colloid bodies (or hyalin bodies), which will be called ftlamen-
tous degeneration in this text according to the proposal by one 
(K.H.) of us [22], were observed in some degenerative foci (Fig 
3-5). Bundles of tonoftlaments seemed to be gradually con-
verted to tightly packed whorls or bundles of ftlaments (Fig 5). 
During the change, cell organelles seemed to become vacuoles 
or fragmented masses. These were observed in condensed cy-
toplasm filled with granular or fibrillar substances (Fig 5). 
Filamentous cells [22], which still retained desmosomes and 
cell membrane in the periphery contained tubular ftlaments 
(Fig 4A), which were approximately 7 nm thick and identical to 
those of typical amyloid filaments (Fig 4B). 
In the basal layer, the ftlamentous cells lost the cell mem-
brane and became ftlamentous masses [22], in which vacuoles, 
cell debris and melanosomes were seen (Fig 6A, B) . The thick-
ness of ftlaments were approximately 7 om in diameter and 
often more straight and tubular; thus resemblance to typical 
amyloid in the vicinity was more obvious (Fig. 6C). 
Melanocytes were sometimes observed in the basal layer. 
The masses of melanosomes in autophagosome were observed 
occasionally. Langerhans cells were rarely encountered; some 
of those found were degenerated. 
Changes of the Derma-Epidermal Junction 
Filamentous masses were dropping into the dermis (Fig 7-9): 
Some of these were partially surrounded by the basal lamina of 
the epidermis (Fig 7-9). Some masses were composed of tightly 
packed bundles (Fig 7A), whorls offtlaments (Fig 8), and masses 
of loosened ftlaments (Fig 9). Rru'ely ftlamentous masses were 
in direct contact with amyloid islands (Fig 6A). All masses were 
mainly composed of 7 nm tubular ftlaments (Fig 7B). 
Amyloid deposit, composed of randomly oriented straight 
filaments, as in the ~pidermis was occasionally seen. In such 
instances, basal lamina was destroyed completely and pseudo-
pods of adjacent basal keratinocytes protruded into the dermis. 
Amyloid filaments were present in intercellular spaces of the 
b~sal keratinocytes, but not within the cytoplasm. 
Frequently, nerve endings lay just beneath the epidermis and 
ran parallel to the dermo-epidenpal junction. Some nerve fibers 
invaded the epidermis and were in direct contact with epidermal 
keratinocytes or dendrites of melanocytes. 
Dermal Changes 
Amyloid deposits were found as round or oval individual 
islands. There seemed to be 2 stages in the formation of any 
amyloid island. First was the masses composed of irregular-
shaped electron-dense and electron-light parts (Fig 10,11). 
These were directly beneath the epidermis. The electron-dense 
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FIG 2. Fibrillar inclusions (*) are seen in the cytoplasm. A round 
nucleus has a well-developed nucleolus (n). Scale = 1 /lm. x 15,000. 
Inset: The inclusion (*) is magnified. The diameter of fibril is about 30 
nm (-», which is different from that of fIlamentous cell (see Fig 4A) or 
amyloid (see Fig 48). (Lichen amyloidosus). Scale = 100 nm (x 43,(00). 
parts were composed of tightly packed ftIaments (Fig UB), 
which tended to run parallel (Fig UB). The electron-light parts 
were sparsely packed with ftIaments and composed of scattered 
straight ftIaments (Fig UB) . The second stage was the loss of 
electron dense parts (Fig 12): thus, electron light masses were 
formed and they were usually located deeper in the papillary 
dermis and occasionally in the upper reticular dermis. Many 
filaments were tubular straight ftIaments; all the typical tubular 
filaments were approximately 7 nm thick (Fig 4B) . No evidence 
of branching was observed. Some tended to curve but most 
were straight. 
Sometimes, macrophages or fibroblasts were found among 
the amyloid islands (Fig 12). Amyloid ftIaments were occasion-
ally found in those macrophag'es. A few collagen fibers were 
admixing with intracellular amyloid ftIaments. 
DISCUSSION 
The findings described in this study may allow us to recon-
struct the sequence from epidermal keratinocytes to amyloid in 
the ultrastructural level. Six stages were recognized; (i) fibrillar 
changes in the cytoplasm of epidermal keratinocytes, (ii) bundle 
formation of tonoftlaments and degeneration of cell organelles, 
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(iii) filamentous cells [22], (iv) filamentous masses [22], (v) 
early amyloid islands in the upper dermis which had dense and 
light parts and (vi) typical amyloid islands in the deeper pap-
illary dermis and reticular dermis. 
The presence of hyalin bodies within the epidermis in lichen 
amyloidosus was noted in 1930 by Freudenthal [25]. This was, 
however, interpreted as an elimination process of amyloid 
through the epidermis. In 1971, Black and Wilson-Jones [26] 
observed the intraepidermal hyalin bodies in macular amyloi-
dosis. They suggested that the hyalin bodies had arisen from 
degenerating or necrotic epidermal cells. They proposed the 
possibility of the conversion from hyalin bodies into amyloid at 
the dermo-epidermal junction; they also considered that these 
bodies provide a matrix for amyloid in the region of the dermo-
epidermal junction. However, it remained to demonstrate the 
conversion at the ultrastructural level to prove this assumption. 
Epidermal keratinocytes can obviously be degraded into ftI-
amentous cells [22]. Filamentous cells contain melanosomes, 
cell organelles, desmosomes, and cell membrane around the 
mass. Filamentous masses [22] share the bundles or whorls of 
ftIaments with filamentous cells and are therefore considered 
to represent filamentous cells which have dropped into the 
dermis and undergone further degeneration. This process 
seemed to be identical to that sel'!n in other conditions; i.e. 
formation of Civatte body in lichen planus [22] and fibrillar 
bodies in precancerous melanosis [27]. 
Ebner and Gebhard [19] claimed that there was a difference 
between the hyalin bodies (ftlamentous masses) and amyloid, 
e.g., that there were irregular, 6-S-nm thick ftIaments in amy-
loid, whereas bundles or whorls of S-lO-nm thick ftIaments were 
found in hyalin bodies. Although their electron micrographs 
were shown in relatively high magnification (x SO,OOO), the 
difference of 2 nm is only 0.16 mm on the micrographs. On the 
other hand, the diameter of amyloid filaments has been re-
ported to range between 6 and 10 nm by some investigators 
[16,25]' In the present study electron micrographs taken at 
x 60,000 were enlarged to X 150,000 for comparative studies of 
filaments . The typical amyloid ftIaments appeared to be straight 
tubules of approximately 7 nm in diameter. No difference was 
found in the thickness among the tubular ftIaments of filamen-
tous cells, filamentous masses, and amyloid filaments. These 
straight tubules were very similar to the reconstituted amyloid 
filaments which were shown in primary and secondary systemic 
amyloidoses [4]. 
The other differences which Ebner and Gebhard suggested 
between hyalin bodies and amyloid were the localization of 
masses and behavior of the basal lamina [19]. However, if we 
presume that filamentous masses are transformed into amyloid 
at the dermo-epidermal junction, the difference of localization 
does not reflect the difference of species b\lt merely different 
stages of amyloidogenesis. It should be noted that among indi-
vidual amyloid islands there are some differences. Particularly 
the island which had dense parts and light parts had the 
features of both ftIamentous masses and typical amyloid islands. 
This intermediate stage (hyalin-amyloid bodies) shared some 
characteristics described previously in similar hybrid bodies in 
PUVA-treated skin [23]. 
Supporting evidence for the conversion of ftIamentous masses 
to amyloid islands may be summarized as follows: (1) the 
filamentous masses dropped into the dermis (Fig 7-9), (2) 
variable stages were seen in the dropping masses ranging from 
tightly packed (Fig 7,8) to loosened filaments (Fig 9), (3) the 
same variation as observed in the dropping masses was repeated 
in the individual dermal amyloid islands (Fig 10,11), (4) many 
filaments of filamentous celis, filamentous masses and amyloid 
islands had as a common denominator, tubules of approxi-
mately 7 nm, and (5) previous reports of co-existence of fIla-
mentous masses (hyalin bodies) and amyloid in the other amy-
loidogenic conditions, e.g., Riehl's melanosis [29] and PUV A 
therapy [23]. The presence of "half and half' cells [2S] in the 
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FIG 3. Several stages of ftIamentous degeneration are seen in this area: Bundle formation of tonoftlaments (b), filamentous cell (te) , which are 
still connected to neighboring cells with desmosomes (white arrows) and filamentous mass (fm) are demonstrated. The area shown by an a.sterish 
will be enlal'ged in Fig 4A. (Lichen amyloidosus). Scale = 1 I'm (x 85(0). 
FIC 4. T he fIlaments in the fIlamentous cell (A) and typical amyloid 
is land (B) are compared at the same magnification. No difference is 
noticed between the thickness of individual tubular structures ( __ ). A: 
The filamentous cell shown by the asterisll in Fig 3 is enlarged. Tightly 
packed filaments are resolved in to 7-nm thick tubules (--). (Lichen 
amyloidosus). Scale = 100 nm (x 150,000) . B: typical amyloid fIlaments 
aTe tubules of about 7 nm in diameter (--). Low magnification of this 
area will be shown in Fig 12. (Macular amyloidosis). Scale = 100 nm 
(x 150,000). 
FIG. 5. Seq uential changes from keratinocytes to fIlamentous cells are displayed (lichen amyloidosus). A , Early change is bundle formation of 
the tonofilaments (b) and granular or fibrillar cytoplasm (c) . B, Desmosomes (d) are still seen; however, fIlaments (b) begin to have a wavy 
nature within the cytoplasm (c). C, Filamentous cells have desmosomes (d) and cell membrane. Density in the bundles of fIlaments is diminished. 
Condensed cytoplasm (c) are vacuolated. M, Melanosome. Scale = 100 nm each (x 44,000 each) . 
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FIG 6. Comparison of filaments in the ftlamentous mass and amyloid. (lichen amyloidosus). A, A ftlamentous mass (fm) , containing many 
melanosomes and cell debris is seen in the upper dermis (D) adjacent to amyloid deposit (a) and basal keratinocyte (Il). Scale = Il-lm (x 7900). 
B, Enlargement of the area shown by an asterisk in Fig 6A shows the detail of the border between basal keratinocytes (Il) and ftIamentous mass 
(fm) . Filamentous mass is not covered by cell membrane. The thickness of tubular ftlarnents (--+) is approximately 7 nm. Scale = 100 nm 
(x 150,000). C, Enlargement of the area shown by (a) in Fig 6A reveals the tubular nature of the amyloid ftlaments (-», which is also 
approximately 7 nm in diameter. Scale = 100 nm (x 150,000). 
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FIG 7. An electron dense mass is seen just beneath the epidermis 
(macular amyloidosis) . T ightly packed ftlamentous mass (0) is contino 
uous to the epidermis. Basal lamina- like structures (~) surround the 
mass. Scale = 1 I'm. (x 26,000). Inset: The area shown by an asterisk 
in F ig 7A is enlarged to x 150,000. 
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FIG 8. A whorl of filaments (w) is seen in the dermo-epidermal junction. A half desmosome-like structure (h) is visible between this mass and 
basal lamina (bl) , which envelops the mass nearly completely. Amyloid filaments (a) are seen next to this whorl. (Macular amyloidosis). Scale 
= 100 nm (x 80,000) . 
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FI G 9. The filam entous mass is dropping in to the dermis. Basal lamina (BL) is continuous to that of the epidermis (E). Loosely knit, 
haphazardly oriented fll aments (f) are admixed with ceU debris (d). See Fig llB for the similarity to amyloid filaments (Macular amyloidosis) . 
Scale = nm (x 70,000) . . 
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FIG 10. Several amyloid islands are seen directly beneath ·the epi-
dermis (E) . Most islands have electron-dense (d) and electron-light 
pal·ts. Processes (M) of dermal cells (macrophages?) extending between 
the islands contain phagocytosed melanosomes (-0) . (Macular amyloi-
dosis). Sca.le = 1 p.m (x 4400) . 
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FIG 11. The intermediate stage in t he formation of amyloid is seen in the dermis (macular amyloidosis). A , An electron-dense (d) and electron-
ligh t (l) part ar e in the sam e island. Scale = 1 J.lm (x 26,(00). B, Enlargement of the border between dense (d) a nd light (l) parts shows the 
contrast; the e lectron dense part has densely packed bundles of filaments and the electron light part loosened filaments, which run randomly. 
Scale = 100 nm (x 70,(00). 
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FIG 12. Electron light typical amyloid islands (a) . High magnification of this area (a) is displayed in Fig 5B. Dermal mononuclear cells (M) are 
among the amyloid islands. Phagocytosed melanosomes (--) are seen. (Macular amyloidosis). Scale = Ipm x 7400. 
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epidermis of lichen planus, which are similar to early degener-
ative cells fo und in this study, supports the idea that the cells 
wi th fibrillar inclusions represent an early stage of fil amentous 
degeneration. Histochemically, early stages of a myloidogenesis, 
i.e., int racytoplasmic inclusions of the epidermal keratinocytes 
did not stain wit h PAS, Thiofl av in T , and Congo red [21]. 
T herefo re, it is probable that the a ffecte d keratinocytes do not 
produce or secrete the amyloid in situ or t he amount, if ever 
produced, is not suffi cient to be demonstrated by histochemical 
methods; it proba bly requires fil amentous degeneration during 
their descent into the upper dermis for these precursor mate-
rials to be stained as typical amyloid. 
Dermal component may be necessary for a full development 
of amyloid islands. Amyloid islands were often surrounded by 
the fibroblasts or macrophages. Amyloid fIlaments were occa-
sionally found within or in special relation to these cells [5-8, 
12-14, 20]. The demonstration of collagen fIber within t he 
intracellular amyloid fIlaments suggested that some of them 
were phagocytosed or invaginated into the cytoplasm. The 
presence of melanosomes or cell debris in fIlamentous mass and 
the absence in well developed a myloid islands may also suggest 
an in teraction between macrophages and fil amentous masses. 
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